The epidemiology of non-typeable Haemophilus influenzae (NTHi) remains poorly understood. We therefore sought to determine the genetic relationship of 25 NTHi isolated from various states in Malaysia using multilocus sequence typing (MLST). The majority of isolates were obtained from sputum. There were 24 novel sequence types (STs). Eight isolates were single-locus variants, the remainder being singletons. Clustering was not based on clinical site of isolation or geographical origin. Despite the limited number of isolates examined in this study, we demonstrate that NTHi isolates in Malaysia are diverse and warrant further investigation. 
Introduction
Haemophilus influenzae remains a major cause of meningitis, sepsis and respiratory tract infection despite the introduction of Haemophilus influenzae type b (Hib) vaccination programmes (Watt et al., 2009 ). Non-Hib and non-typeable H. influenzae (NTHi) have traditionally received little attention since they were considered to cause less severe infections. Since Hib vaccination has led to a decreased incidence of infection, interest in non-Hib and NTHi infection has increased (Agrawal and Murphy, 2011; Puig et al., 2014) . NTHi are commonly associated with mucosal infections including otitis media, conjunctivitis, chronic bronchitis and community-acquired pneumonia, particularly in children (Murphy et al., 2009) . Recent increases in invasive NTHi infections have been noted in Sweden, Norway and the USA over the past few years which could be a cause of concern (Van Eldere et al., 2014) . In Malaysia, our understanding of the epidemiology of Haemophilus infection is currently limited to a small collection of Hib isolates and another collection of H. influenzae which were mostly NTHi (Mohd-Zain et al., 2012) .
Typing of NTHi is essential so that the epidemiology of this pathogen and the emergence of strains can be monitored. Multilocus sequence typing (MLST), a method based on the sequencing of house-keeping genes, has been successfully applied to the molecular characterisation of NTHi (Meats et al., 2003) . MLST may be used to understand the evolutionary relationships between different bacterial strains, and has the important advantage that data can be compared from different laboratories. We sought to describe the diversity and phylogenetic relationship of historical Malaysian NTHi isolates and examine if they are descendents from strains from other geographical locations.
Materials and methods

Bacterial strains
Twenty-five NTHi isolates were obtained from the Institute for Medical Research (IMR) in Kuala Lumpur, Malaysia (Table 1) . IMR is the national laboratory for H. influenzae isolated from hospital patients throughout Malaysia (Mohd-Zain et al., 2012) . The isolates were from sputum (20), eye swab (1), nasal swab (1), high vaginal swab (2) and one isolate of unknown body site. All isolates were identified as H. influenzae using a 16S rRNA polymerase chain reaction (PCR) method (Quentin et al., 1996) . They were confirmed to be non-typeable when they failed to react to any of the specific antisera of groups a, b, c, d, e and f antigens used in a standard slide agglutination test (Difco, USA).
Bacterial growth and preparation of template DNA
All NTHi were grown on chocolate agar at 37 o C overnight in the presence of 5% CO 2 . A single colony was resuspended in distilled water and heated at 100 o C for 10 min. Following centrifugation for 1 min at 14,000 rpm (Eppendorf, Germany), the supernatant was collected and used as DNA template for PCR.
Multi-locus sequence typing
MLST genes (atpG, frdB, pgi, adk, mdh, fucK and recA) were amplified as described previously (Meat et al., 2003) . PCR products were purified using MinElute PCR purification kit (Qiagen, Germany) according to the protocol provided by the manufacturer. Purified amplified products were sent to First Base Laboratory, Selangor, Malaysia for DNA sequencing.
Data analysis
Nucleotide sequences were edited and aligned using BioNumerics 4.0 software (Applied Maths, USA) before they were submitted to the public MLST database website (http://www.mlst.net) for assignment of sequence types (ST's). Data from this study were deposited in the H. influenzae database. A dendrogram was constructed with MEGA5 software using the unweighted pair group method with arithmetic mean (UPGMA) (Tamura et al., 2011) . eBURST version 3 (http://www.mlst.net) was used to identify exclusive groups of related genotypes in the population.
Results
Sequence types and phylogenetic relationships of the NTHi isolates
Twenty-five different STs were obtained and, with the exception of isolate H253 (ST388), all were novel due to the occurrence of a new allele or combination of alleles (Table 1) . The isolates clustered into two major groups (I and II), twenty in group I and five in group II.
Analysis of the MLST data using eBURST
eBURST analysis indicated that the Malaysian isolates were diverse by comparing the 25 isolates against the entire H. influenzae MLST database (Figure 1 ). There were eight singlelocus variants (SLV's), the remainder being singletons. Isolates H603 and 607 (ST's 1269/1270) and isolates H222 and 223 (ST's 1278/1279) were SLV's of each other, both pairs of isolates having different frdB alleles.
Analysis of housekeeping genes from the NTHi isolates
Multiple alignment of each of the seven housekeeping genes indicated that, with exception of the adk gene, the nucleotide sequences had 90-99% similarity. For the adk gene, nucleotide sequences were more divergent although 22 isolates fell into one major branch of the tree (Figure 2) . The adk sequence of H209 had 94% similarity to the other 22 isolates whereas those of H220 and H226 had only 86.6-88.1% similarity.
Discussion
In an effort to control infections caused by NTHi, improving our understanding of the epidemiology of the bacterium is essential. Since the decline of Hib in numerous countries worldwide, NTHi is now considered a major cause of respiratory infections. MLST is one of the main molecular methods used for epidemiological studies of infectious diseases. In this study, allelic profiles of the NTHi isolates produced 24 novel STs. However, concatenation of the seven housekeeping gene sequences revealed two phylogenetic groups (I and II), suggesting that they are genetically divergent, although the majority of isolates fell into group I. Our data supports previous findings that NTHi isolates are diverse and show less evidence of clonality compared to encapsulated Hi (Meats et al., 2003; Musser et al., 1986) .
As also observed by Erwin et al. (2008) , there was no correlation between the clinical source and phylogenetic clustering. We were unable to distinguish other characteristics that may have divided them into two groups as demographic details were not available. It has been previously reported that asymptomatic NTHi that colonise the nasopharynx are not phylogenetically distinct from those strains that caused acute otitis media although they have different STs (Kaur et al., 2011 ). Conversely, LaCross et al. (2013 examined 170 NTHi and showed that commensal NTHi were genetically separated from NTHi associated with otitis media. Our study was limited to only clinical isolates but our observations are consistent with the recent finding that NTHi occur as distinct evolutionary clades (De Chiara et al., 2014) . Clustering of the strains is likely to be due to small numbers of mutations that have occurred in the housekeeping genes. Our data indicates that adk was most diverse compared to the other six housekeeping genes. Some H. influenzae strains lack the fucose operon (fucK) which may make them untypeable by MLST (Ridderberg et al., 2010 , Shuel et al., 2011 . All isolates in our study possessed the fucK gene which enabled us to type them by MLST.
The present study provides further evidence on the utility of MLST in assessing diversity and the relationships between NTHi. Our study is limited by the small number of samples that were isolated in the 1990s in some Malaysian states. Sampling was also biased towards noninvasive bacterial isolates, mostly from sputum, although these are also underrepresented in the MLST database. However, this is the first report of sequence typing of NTHi in Malaysia. As it highlights the diversity of NTHi even in a limited collection of isolates, further studies are required to further support our understanding of NTHi infections in Malaysia and elsewhere.
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